taneously, we launched a statewide, multifaceted effort to encourage bystanders to use compression-only CPR (COCPR) because this approach is easier to teach, learn, remember, and perform than conventional CPR. 13 In this study, we evaluated whether intentional, widespread public endorsement of COCPR for adult sudden cardiac arrest would be associated with an increased likelihood that lay rescuers would perform CPR and an increased likelihood of survival to hospital discharge compared with no bystander CPR and conventional CPR.
METHODS
Arizona has 6.6 million residents and comprises 15 counties with demographics varying from urban to wilderness areas. 14 In 2005, 30 EMS agencies statewide participated in the state-sponsored quality improvement program for out-ofhospital cardiac arrest: the Save Hearts in Arizona Registry and Education (SHARE) program. 5, 15 Participation increased each year of the study, and by 2009,90agencies(servingapproximately 80% of the population) had joined SHARE. During the time period of this study, Arizona did not have a structured 911 dispatcher-assisted CPR program.
Because out-of-hospital cardiac arrest has been designated a major public health problem in Arizona and the goal of this program is quality improvement, the data collected were exempt from the Health Insurance Portability and Accountability Act (HIPAA). Permission to publish the deidentified data was obtained from the Arizona Department of Health Services human subjects review board and the University of Arizona institutional review board.
Data Collection and Definitions
This prospective, observational cohort analysis included patients who experiencedout-of-hospitalcardiacarrestinArizona between January 1, 2005, and December 31, 2009 . The study population comprised all adults (age Ն18 years) with an out-of-hospital cardiac arrest of presumed cardiac origin that was not witnessed by EMS personnel. The arrest was presumed to be of cardiac origin unless it was known to be caused by trauma, drowning,drugoverdose,orasphyxia. 16, 17 Patients with obvious evidence of death or those with do-not-resuscitate orders were excluded.
Data were collected prospectively and entered into an Utstein-style database. 16 Data elements included sex, age, location of arrest, whether arrest was bystander-witnessed, presumed etiology of arrest, EMS dispatch-to-scene-arrival ("response") interval, initial prehospitalelectrocardiographic(ECG)rhythm, whether bystander CPR was provided, type of bystander CPR (COCPR vs conventional), type of EMS protocol (MICR vs conventional BLS/ACLS [basic life support/advanced cardiac life support]), whether the patient received therapeutic hypothermia, survival to hospital discharge, and neurologic status.
Since a core question of this effort is related to the type of CPR provided, EMS personnel received special training and a documentation aid on how to code bystander CPR (available at http://www .azshare.gov). This training included instruction in documenting the person performing CPR as well as the type of CPR performed by bystanders. If the method of bystander resuscitation was not evident, EMS personnel were instructed to ask bystanders whether ventilations had been performed during CPR. For this analysis, because we were specifically interested in "true" layperson CPR, we excluded cases in which CPR was performed by bystanders with formal medical training (whether on or off duty). However, to assess the possibility of ascertainment bias, we compared the proportion of COCPR vs conventional CPR over time performed by lay bystanders and by bystanders with formal medical training. All cardiac arrests occurring in medical facilities were excluded.
Intervention
The SHARE program initiated a multifaceted, statewide public COCPR education campaign in 2005. The effort included multiple approaches to training and information dissemination (BOX).
We estimate that at least 30 000 people have been directly trained in the COCPR technique and that more than 500 000 were exposed to at least 1 COCPR media forum.
InMarch2008,theAmericanHeartAssociation released an advisory statement supportingHands-OnlyCPR, 13 whichwas widely publicized in Arizona as an additional aspect of the ongoing effort.
Main Outcome Measures
The primary outcome measure was survival to hospital discharge, determined by review of hospital records. Final outcomes were obtained through hospitals and the Office of Vital Statistics at the Arizona Department of Health Services. Cerebral Performance Cat- 16 Secondary measures were the frequency and type of bystander CPR provided. Predetermined subgroups for additional analyses were patients with a witnessed collapse and patients with a shockable rhythm on EMS arrival.
Statistical Analysis
Proportions were calculated for categorical data, whereas mean and standard deviation, or median and interquartile range (IQR), as appropriate, were calculated for continuous data. Statistical significance for categorical data was assessed using Fisher exact test or 2 . Temporal trends for categorical data were assessed using a modified Wilcoxon signed rank test for trends across ordered groups (by year) if Fisher exact test or 2 were significant. Multivariable logistic regression was used to model the association between CPR type (no CPR, conventional CPR, COCPR) with the probability of survival. The following covariates were considered for model inclusion: age, sex, witnessed arrest, shockable rhythm, bystander CPR provision and type, location of arrest, EMS response interval, EMS provision of MICR vs conventional BLS/ACLS, use of postarrest therapeutic hypothermia, and year. Continuous variables were assessed for linearity in the logit scale using quantiles, lowess smoothing, and fractional polynomials. Nonlinear covariates were categorized using cutpoints chosen to maximize model fit. Goodness of fit and the area under the receiver operator characteristic curve (ROC) were calculated to determine model fit and discrimination. The value of was calculated for survival to hospital discharge among EMS systems and generalized estimating equations (GEEs) were used to determine the effect of clustering by EMS agency on survival.
Statistical significance was set a priori at ␣Յ.05 (2-tailed). All statistical analyses were performed using Stata version 11.1 (StataCorp, College Station, Texas).
RESULTS
During the study period, 5272 adult outof-hospital cardiac arrests of presumed cardiac etiology and not witnessed by EMS were reported. A total of 779 cases were excluded because bystander CPR was administered by a medical professional or the cardiac arrest occurred in a medical facility. A total of 78 cases were excluded because of missing data (1.7% of cases meeting inclusion criteria): 10 cases with missing outcome data, 2 cases missing data on whether cardiac arrest was witnessed by a bystander, 18 cases The intraclass correlation value of for survival among EMS agencies was 4 ϫ10 −5 (95% CI, 0-0.00614), indicating no significant clustering. GEE logistic regression (random effects model) analyses converged on the same model as ordinary logistic regression and ORs (and 95% CIs) were identical, confirming there was no clustering effect by EMS agencies.
We were able to determine neurologic status for 4310 of 4515 cases of out-of-hospital cardiac arrest (217/ 315 survivors) of whom 4.2% (95% CI, 3.6%-4.8%) had a good neurologic status (CPC score of 1 or 2) ( Table 1 and  Table 2 ). Proportion of individuals with good neurologic status differed significantly based on the type of CPR provided: no CPR, 86 of 2852, or 3.0% (95% CI, 2.4%-3.6%); conventional CPR, 34 of 651, or 5.2% (95% CI, 3.5%-6.9%); COCPR, 62 of 814, or 7.6% (95% CI, 5.8%-9.4%) (PϽ .001). The unadjusted ORs for a good neurologic outcome for bystander resuscitation comparisons were as follows: conventional vs none, 1.77 (95% CI, 1.18-2.66); COCPR vs none, 2.65 (95% CI, 1.89-3.71); COCPR vs conventional, 1.50 (95% CI, 0.97-2.30).
For arrests of presumed noncardiac etiology, COCPR was performed in 60.0% (95% CI, 54.6%-65.4%) of all patients who received bystander CPR. For arrests of respiratory etiology, COCPR was administered in 9 of 150 patients (6%; 95% CI, 2.2%-9.8%). Survival for noncardiac etiologies was similar regardless of the type of CPR: no CPR, 24 of 803 patients (3.0%; 95% CI, 1.8%-4.2%); conventional CPR, 6 of 130 patients (4.6%; 95% CI, 0.1%-8.3%); and COCPR, 7 of 195 patients (3.6%; 95% CI, 0.1%-6.2%) (P =.51).
Of297pediatriccasesofout-of-hospital cardiac arrest (age Ͻ18 years), 150 patients (50.5%) received bystander CPR (148 cases for which the type of resuscitation was identified). The proportions of children who received COCPR, stratified by age, were as follows: younger than 1 year, 7 of 77 patients (9.1%; 95% CI, 2.5%-15.7%); age 1 to 12 years, 3 of 50 patients (6.0%; 95% CI, 0%-12.8%); and older than 12 years, 9 of 21 patients (42.9%; 95% CI, 19.8%-65.9%).
COMMENT
Bystander CPR is a critical but incompletely understood link in the chain of survival for individuals who experience out-of-hospital cardiac arrest. 3, 4, [17] [18] [19] Although bystander CPR is associated with increased survival, 2,4 the rate of performing this intervention remains unacceptably low. 4, 20, 21 This has been cited as a potentially correctable reason for the poor survival rates in most communities. 2, 22 Suggested causes for the low CPR rates include fear of causing harm, fear of contracting infectious disease, the complexity of the psychomotor task, panic, and reluctance to make mouth-to-mouth contact. 21, [23] [24] [25] [26] Because of these and other factors, increasing bystander CPR rates has been difficult in most settings. 4, 22, 27 For more than a decade, preclinical reports have raised the possibility that it is not necessary to perform active ventilation during CPR soon after sudden collapse from out-of-hospital cardiac arrest. Animal studies have shown COCPR to be at least as effective as conventional CPR. [7] [8] [9] [10] This study is the first of which we are aware to report an intentional effort to encourage and endorse COCPR to the public. We identified 3 major findings: a significant increase in the rate of bystander CPR (from 28.2% to 39.9%), an increase in the likelihood of bystanders performing COCPR vs conventional CPR (from 19.6% to 75.9%), and a significant independent association between COCPR and survival when compared with conventional CPR (adjusted OR, 1.60; 95% CI, 1.08-2.35).
To our knowledge, this is the first report of a relationship between a public education effort and an increase in the rate of bystander CPR in a statewide jurisdiction. The nature of this study precludes determining the relative contributions of the various components of this statewide initiative. Encouraging a technique that is easier to perform and more acceptable to the public may have helped increase the CPR rate independent of the public education efforts. Ultimately, we suspect that only the combination of a local, state, and national public education campaign and the endorsement of COCPR made this effort successful. The Hands-Only CPR campaign now being led by the American Heart Association across the nation is timely and has the potential to increase the likelihood of success in other settings.
Our findings are consistent with other clinical studies suggesting that COCPR is associated with at least equivalent outcomes compared with conventional bystander CPR. 6, 11, 12, 21, 26, [28] [29] [30] Two relevant clinical investigations have been conducted in Japan, 21, 26 but these differ from our approach in that COCPR was never taught to the Japanese public. Cultural issues led to a significant number of Japanese bystanders performing chest compressions without rescue breathing despite the absence of specific COCPR training. In a comparison of outcomes between the conventional and "cardiaconly" CPR cohorts, Iwami et al 26 found no statistically significant difference in survival between the cardiac-only and the conventional CPR groups. However, in the similar SOS-KANTO study with 4068 witnessed cardiac arrests, a higher proportion survived with good neurologic outcome after cardiac-only CPR compared with conventional CPR (adjusted OR, 2.2; 95% CI, 1.2-4.2). 21 The 3 studies that randomized dispatcher-assisted CPR telephone instructions to teach either conventional or compression-only techniques showed a statistically nonsignificant increase in survival to hospital discharge for COCPR (10.4% vs 14.6%, P = .18 6 28 In our study, there also was a significant difference between good neurologic status (CPC score of 1 or 2) in the COCPR group (62/814; 7.6%; 95% CI, 5.8%-9.4%) compared with the conventional CPR group (34/651; 5.2%; 95% CI, 3.5%-6.9%) (P Ͻ .001).
However, all 3 of the randomized trials 6,28,29 evaluated dispatcher-assisted CPR and, thus, studied cases of out-ofhospital cardiac arrest in which bystanders did not immediately attempt resuscitation. Cases were excluded from randomization if bystander CPR had been initiated prior to the 911 call. Thus, these studies compared delayed COCPR vs delayed conventional CPR and excluded bystanders trained in CPRthose who would have likely been the most proficient resuscitators.
Minimizing interruptions in chest compressions during resuscitation attempts by EMS personnel also has been associated with significant increases in survival when compared with conventional BLS/ACLS protocols. 11, 30 Thus, it is not surprising that minimizing interruptions during bystander care would also be associated with improved outcomes.
There are multiple reasons COCPR might have advantages over conventional CPR techniques. These include the rapid deterioration of forward blood flow that occurs during even brief disruptions of chest compressions, 8, 31 the long ramp-up time to return to adequate blood flow after resuming chest compressions, 8, 31 the reduction of cardiac venous return with the use of positive pressure ventilation, 32 the complexity of conventional CPR, 21 ,33 the significant time required to perform the breaths, 28, 33, 34 the critical importance of cerebral and coronary circulation during arrest, 8, 31, 35, 36 the reduced time required for emergency medical dispatchers to instruct a bystander over the telephone how to perform COCPR, 6 and the reluctance to perform mouth-tomouth ventilation on strangers. 25, 26, 28, 37 Although our statewide program consistently and carefully advocated for conventional CPR for suspected noncardiac etiology arrests and children, we realize that lay rescuers might perform COCPR on these individuals. To assess this, we examined the incidence and survival of presumed noncardiac etiology arrests by the type of bystander CPR and found a similar and low survival rate regardless of the type of CPR. Also, the total number of pediatric cases of out-of-hospital cardiac arrest was relatively small (297/5272, 5.6%), and importantly, in the group in which rescue breathing would provide the most benefit (children aged Ͻ12 years), the proportion who received COCPR was only 10 of 127 children (7.9%).
The limitations of our observational study include that the COCPR intervention was not tested in a randomized controlled trial. However, because the decision to perform conventional CPR, COCPR, or no CPR was at the discretion of the bystanders, it would be impossible to randomize this intervention. We believe a large statewide prospective, observational design was the best methodology to evaluate this important issue. It is possible the outcome differences we found were associated with unknown confounders rather than the type of bystander CPR. We attempted to minimize this by prospectively collecting data known to affect outcomes. In addition, our a priori hypotheses supported by the results were biologically plausible based on multiple animal studies. 8, 9, 31 There is also a risk of ascertainment bias in documenting the type of bystander CPR. EMS personnel who classified the type of bystander CPR may have misclassified COCPR vs conventional CPR. We attempted to prospectively mitigate the potential for ascertainment bias by intentionally and specifically training EMS personnel on how to document the presence and type of bystander CPR. The finding that lay bystanders performed COCPR 53.8% of the time overall compared with medical professional bystanders (7.8%) argues against a systematic bias in the documentation of CPR type. It is unlikely EMS personnel would misclassify type of CPR by lay bystanders differently than that by health care professionals.
CONCLUSION
Implementation of a 5-year, multifaceted, statewide public education campaign that officially endorsed and encouraged chest compression-only CPR was associated with a significant increase in the rate of bystander CPR for adults who experienced out-ofhospital cardiac arrest. Furthermore, chest compression-only CPR was independently associated with an increased rate of survival compared with no bystander CPR or conventional CPR.
